In this work, we propose a new polycrystalline silicon (poly-Si) film of large grain for thin film transistor on flexible substrate. Thin films of amorphous silicon were deposited on plastic substrate by using ion beam deposition (IBD) and crystallized by excimer laser annealing. The entire process was carried out at room temperature. Si film formed by IBD has much lower impurity such as Ar, O, and H than that deposited by conventional sputtering method. This high purity of Si film makes large grain size (0.5 mm) and shows high endurance of excimer laser energy both on quartz and plastic substrate for flexible active matrix organic light emitting diode (AMOLED Flexible displays on plastic substrates, using polycrystalline silicon (poly-Si)-based thin film transistor (TFT) devices to drive either active matrix liquid crystal displays (AMLCDs) or active matrix organic light emitting diode (AMOLED) display are expected to be a driving force of the display industry in the near future. The main challenges that are anticipated in the manufacture of poly-Si TFTs on plastic are the deposition of the precursor a-Si, and the crystallization of this layer at temperatures compatible with the plastic substrates-generally below 200 C. [1] [2] [3] In the view point of crystallization, excimer laser annealing (ELA) could be the best approach without thermal damage of plastic. However, there are still obstacles for deposition of amorphous silicon (a-Si) films. In the case of plasma enhanced chemical vapor deposition (PE-CVD), it is known, in general, that PE-CVD a-Si films have a relatively high hydrogen content of 10 -20%. Hydrogen-rich film is unattractive for laser processing since ELA must be applied with multiple pulses of gradually increasing laser energy density in order to avoid film ablation due to explosive hydrogen evolution, a requirement that significantly reduces throughput and reproducibility. 4) The low content of hydrogen in the a-Si film is easily controlled using the sputtering technique (hydrogen content < 1%). 5, 6) However, the sputtered a-Si film also has the problem of film delamination during ELA. Some reports explain that this delamination is due to film ablation by explosive evolution of captured Ar gas.
2,7) If plasma gas species was changed from Ar gas to Xe gas, the captured gas concentration could be reduced. 8) However it is not low enough to prevent the delamination of Si film during ELA, because collision between Xe and sputtered Si atom is not avoidable during sputtering process. 7) In this paper, we investigated the a-Si film deposited by using ion beam deposition (IBD) at room temperature which is able to control impurities concentration during deposition and crystallization behavior during excimer laser irradiation. Figure 1 shows the schematic diagram of IBD system. Radio frequency inductively coupled plasma (RF-ICP) source makes argon plasma, and argon ions in the plasma move to Si target by electric field at force grid. By varying the angle between Si target and substrate ( in Fig. 1 ), the directions of flux of scattered Si atom and argon gas could be controlled during the deposition. Using this system 50 nm thick a-Si was deposited on quartz and on plastic substrate. Deposition temperature of substrate was kept at room temperature and the deposition rate was 4.2 nm/min. The angle between Si target and substrate was fixed at 45 which is optimized angle for reducing argon concentration in Si film. As a comparison, we have prepared the a-Si film using RF sputtering. The deposition was done at 5 mTorr and 200 W using argon gas at room temperature.
In order to crystallize the IBD Si film without thermal damage of substrate, excimer laser having a uniform beam profile was irradiated on a-Si film. The wavelength of excimer laser is 308 nm and pulse duration time is 160 ns. Laser energy density was varied from 350 to 700 mJ/cm 2 , and the number of shots was from 1 to 10. Figure 2(a) shows UV reflectance of as-deposited Si film deposited by using IBD. By the comparison of UV reflectance between asdeposited IBD Si and LPCVD Si film, it is thought that IBD Si film has nearly same crystallinity and roughness with lowpressure CVD (LPCVD) Si film even though it is formed at room temperature. Figure 2(b) indicates the UV reflectance at 200 nm wavelength of crystallized Si film irradiated by various laser energy densities and number of laser shots. Reflectance decreases to 50% and increases again as the laser energy density increases. In order to investigate the relation between the UV reflectance variation and grain size, the surface of laser crystallized Si film was observed by scanning electron microscopy (SEM) after secco-etching of Si film. Figure 3 shows SEM images of crystallized IBD Si film on quartz at various laser energy densities. Ten shots of excimer laser were irradiated. When 450 mJ/cm 2 laser energy density was irradiated, the grain of Si film shows maximum size as large as 500 nm. It is thought that as grain size increases the surface of crystallized Si film becomes rough caused by grain boundary, and it makes the reflectance of UV decrease.
In the case of sputtered Si film, it is hard to increase laser energy density over 400 mJ/cm 2 , because Si film was delaminated from quartz substrate as already reported. 7) On plastic substrate, the delamination of sputtered Si film was observed above 200 mJ/cm 2 . It makes the grain size increase up to only 150 nm for sputtered Si film. On the other hand, in the case of IBD Si film, the grain size reaches up to 500 nm even on plastic substrate, and this grain size is almost same as that of LPCVD Si film as shown in Fig. 4 . In order to study the difference between IBD and sputtered Si film, the impurity concentration in as-deposited Si film was investigated.
In general, impurities in Si film affects to the crystallization behavior strongly. Argon concentration in film was analyzed by Rutherford backscattering spectroscopy (RBS), and for hydrogen and oxygen case, it was analyzed by secondary ion mass spectrometry (SIMS) (Fig. 5) . Argon , maximum concentration of Ar is still lower (0.8%) than that in Si film deposited by using sputtering process. In the viewpoint of oxygen and hydrogen, IBD Si film has only one tenth concentration compared with sputtered Si film. The drastic change of oxygen and hydrogen concentration by varying the angle during deposition does not be observed. It is thought that these impurities in the film induce the delamination of film from the substrate by forming gas during laser irradiation.
For both high performance and mechanical flexibility, it is essential to realize poly-Si TFT on plastic substrate. The key technical barrier is to perform the excellent poly-Si active layer below 200 C. Large grains of 500 nm can be obtained reproducibly by ELC of IBD a-Si film on plastic without modifying the as-deposited film. It is expected that IBD Si film could be a candidate of active layer for poly-Si TFT on flexible substrate. This result makes it possible to perform a high functional, flexible and rugged AMOLED display on plastic. In addition, this technology could be applied to polySi TFT on glass as well for cost reduction because process temperature is quite lower than conventional PECVD based process. 
